per 



WORLD INTELLECTUAL PROPERTY ORGA^^TION ( 
International Bureau \ 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TRgAtyTPigT) < 



(51) International Patent Classification 4 : 
C07K 13/00, 15/00, A61K 37/00 
C12P 21/00, 21/02, C12N 15/00 
C07H 15/12 



Al 



(11) International Publication Number: WO 88/ 00205 

(43) International Publication Date: 14 January 1988 (14.01.38) 



(21) International Application Number: PCT/US87/0 1 537 

(22) International Filing Date: 30 June 1987 (30.06.87) 
(31) Priority Application Numbers: 



880,776 
943,332 
028,285 
031,346 



32) Priority Dates: 



1 July 1986 (01.07.86) 
17 December 1986(17.12.86) 
20 March 1987 (20.03.87) 
26 March 1987 (26.03.87) 

33) Priority Country: US 

71) Applicant: GENETICS INSTITUTE, INC. [US/US]; 
87 CambridgePark Drive, Cambridge, MA 02140 
(US). 

72) Inventors: WANG, Elizabeth, A. ; 136 Wolf Rock 
Road, Carlisle, MA 01741 (US). WOZNEY, John, M. 
; 59 Old Bolton Road, Hudson, MA 01749 (US). 
ROSEN, Vicki, A.,; 344 Marlborough Street, Apart- 
ment 4, 



Boston, MA 021 16 (US). 

(74) Agents: BAK, Mary, E. et al.; Genetics Institute, Inc., 
87 CambridgePark Drive, Cambridge, MA 02140 
(US). . - 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), BG, BJ (OAPI patent), CF (OAPI pa- 
tent), CO (OAPI patent), CH (European patent), CM 
(OAPI patent), DE (European patent), DK, FI, FR 
(European patent), GA (OAPI patent), GB, GB (Eu- 
ropean patent), HU, IT (European patent), JP, KR, 
LU (European patent), ML (OAPI patent), MR (OA- 
PI patent), NL (European patent), NO, SE (European 
patent), SN (OAPI patent), SU, TD (OAPI patent), 
TG (OAPI patent). 



Published 

With international search report. 
With amended claims. 



□3 
m 

CO 
> 



54) Title: NOVEL OSTEOINDUCTIVE COMPOSITIONS 



m 

o 
O 

I Human and bovine bone inductive factor products and processes. The factors may be produced by recombinBt 
techniques and are useful in the research and treatment of bone and periodontal defects. ~S 



(57) Abstract 



vVO 88/00205.. ^ ^ PCT/LS87/01537 

NOVEL OSTEOINDUCTIVE COMPOSITIONS 



The present invention" relates to novel proteins and 
processes for obtaining them. These proteins are capable of 
inducing cartilage and bone formation. 
Background 

Bone is a highly specialized tissue characterized by an 
extensive matrix structure formed of. fibrous bundles of the 
protein collagen, and proteoglycans , noncollagenous proteins, 
lipids and acidic proteins. The processes of bone formation 
,ani, renewal/ repair of bone tissue, ' Which occur continuously 
..throughput; :life f ; a r © performed by specialized cells. Normal 
"ei^ryoniV iong bone' 'development is' preceded by formation of a 
cartilage model.. Bone growth is presumably mediated by 
"pstebblasts^^Cbdne-forming cells), while remodeling of bone 
is ^apparently ;:!r accamplished" by the joint activities of 
bone-resorbing cells, called "osteoclasts " and osteoblasts. 
A variety of osteogenic, cartilage-inducing and bone inducing 
__f acjtM_^„J^ye_. bee.n ...des.cr.ibed See-, -e.g. European patent 
'applications' 148;-155 and 169,016 for discussions thereof. 

A Bri'ef Description of the Invention 
: The "present' ihyentipn„grovides noyel'.'prbteins in purified 
form. Specifically, four of the novel proteins are designated 
BMP-1, BMP-2 Class I (or BMP-2) , BMP-3, and BMP-2 Class II (or 
BMP-4) wherein BMP is bone morphogenic protein. These proteins 
are characterized by peptide sequences the same as or 
substantially homologous to amino acid sequences illustrated 
in Tables II through VIII below. They are capable of inducing 
bone formation at a predetermined site. These bone inductive 
factors are further characterized by biochemical and biological 
characteristics including activity at a concentration of 10 to 
lOOOng/gram of bone in an in vivo rat bone formation assay 
described below. Proteins of this invention may be encoded by 
the DNA sequences depicted in the Tables or by sequences capable 
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substantially the same; JDNA_sequence, as depicted in nucleotide 
#356 through nucleotide^ .#.154.3 of Table VI 1 --,-. The human peptide 
sequence identified in Table VII .is 396 amino acids in, ..length. 
hBMP-2.. or related bone inductive proteins may also be 
characterized by at" least a portion of this peptide sequence. 
hBMP-2 Class I is further characterized by the ability to 
induce bone formation. 

The homologous bovine bone inductive protein of the 
invent ion, designated. bBMP -2 Class l_^r_JaEMP^2) , has a DNA 
se^ence_iden^ Table III jaeloy, wh i ch r ep r e s^gn^s jbhe 

ge^npmic ^sequence. This bpyine^. DNA sequence .has a prospective 
]J^^aminq acid coding^ sequence followed, by.. approxjunately_ 205 
nucleotides (a presumptive^. 3. V .non-coding sequence) . bBMP-2 , 
CI as s ^ J, . a i s _ further .chajrac ter ized _ by._ the jibility , r tp_ induce 
bo pe ^ gqg gat ion . , ^ ^ A^ further bone^ inductive protein composition 
of .,thej invention ^is. designated\ BMP-2=. Cl ass ~Il\or BMP-4. .The 
human protein hBMP-2_ Class .II (or hBMP-4) is characterized by 

at least a portion of the same or substantially the same peptide 

raciors nlvc- oee:. aes:::i:ec:. ;=ee ; i, ^ . :....:;cpea;: pS^e:.. 

sequence between amino acid, #1. through amino acid #408 of Table 

applications j^.i-r ar.n -Jj.-; r : ::i?cu.?r: ^^re:; 

viil, which represents the cDNA of hBMP-2 Class II. This 
R^tid^ ^sequence w is ^encoded. l?^ w at_ least a portion of the same 
or substantially, the same .DNA sequence as depicted in nucleotide 

jMO j^Jbhroug h^ nucleotide, J1626 of _ Table .VIII . This factor is 

farther „chairac^t er ized ,by the . ability to induce, bone .formation. 
a .„.„ Stilly another .bone, inductive factor of the invention, 
BMP-3, is represented by the bovine homolog bBMP-3. bBMP-3 is 
characterized by the DNA sequence and amino acid sequence of 
Table v iy_ A .and B^ which.. represent s th e bovine, genomic sequence. 
It _is characterized by^at^least _a portion of a peptide sequence 

the same or substantially the same as amino acid #1 through 

-dehors arfe ^urtiicr ^xia^a^--^. ~*i 2eu jl'.v o,:.o-»:"'j" :.-Jr;. u.- j-.-- • - . 

amino^acid #175_of Table JV A . and B. , BMP-3 is further 
characterized by. the ability to .induce bone formation. The 
bovine ^factor may ^ be employed as. a ( tool for obtaining the 
analogous human BMP-3 protein or other mammalian bone inductive 
proteins. The proper characterization of this bovine bone 



sequences of Tables n II-through : VIII f> . .^whether -.such nucleotide 
ctenges r -r^ul^^ the- peptide - sequence orv not>v a-zie 

also r included 4n ^ ^ninc ?cicV „v..-. 

Still a further aspect of the invention is a vector 
containing a DNA sequence as described^ above in .Qpesr&rtdiye 
association with an expression control sequence. Such vector 
may be employed in a novel process for producing a bone 
growth factor polypeptide in which a cell line transformed 
with a DNA sequence encoding . expression of a bone growth 
factor- polypeptide, in operative :associatio.n with an expression 
pontrol sequence, therefor, is cultured.. . This claimed process 

Pfc Jlhe LS9^yPJ^P^A^y:rpresent-l-Y:- preferred. ..cell lines;:-are 

ma^alian^celL^in.es and rb^cterial, cell - ~_ 

c:;r ^ Other-^aspects and adYantages, of . the. present ^invention will 
*?e a-ppajre-^ the—f qllowing- detailed 

^§5S?ip^i9n^ and^pref erredc embodiments.:- thereof;.; - v:; . \ c r :„ 
Detailed J)esG3=iBfeion ofc. the-^lnvention -- - — - : sa.z.e 

se^eThe aaratea^&^f.cthei present- invention are- characterized 
byjamipp^^cide^e^^pfts proportions ^hereof cthe= same as-r.or 
? y ^ § t a n t i a 1-1 y n ^P m Pi °S9ys~ £p -the -■ sequences -shQwn ;;ij} ; ; Tables 
c r v ^ j£?s -^?&}L*L j vT-hes% apro teinsr. -are c.alsp rjeharaet er iz-ed. ; ( by. ■ the 
aiail ity r to - induce ^bqne formation, z : % "TZ '.' 

?*cr~r.?th^:te&n%^^ : provided; herein also ; include 

factors^ encoded r by the- sequences similar-, to- those : pf . Tables 
Ilpr^VIII , r but^ iQto e which-modif icatiqns : are natural ly.:provided 
:.(^9de?lleli.c variations yv :C the v nucl which may 

'^fsult^in. amino aqid changes in the polypeptide) or deliberately 
?ngineered.. ::r Fpp z example^ _synt 7 hetic -polypeptides : .may T wholly or 
P^rtia^Lly- ; duplicate continuous sequences; . of the amino „ acid 
residues- -of Tables II; ; - VIII. These- sequences, by virtue of 
§:^*J»%ng r : pr imary : > n rsecqndary - or-, tertiary structural and 
co-nforinational ■ characteristics- with bone growth factor 
polypeptides;, of Tables ; . : I : I-- - : ,yil : l may c possess bone growth factor 
biological properties in common therewith. Thus, they may be 
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or r disuifide Linkages r - with- "the. sequences -of Tables II VIII 
ana : "ezfco<ies- a -iDdn^ s^a^wth f act or^'-having^one: ^or r • more bone 
growth^ factor biologi&l^^ encodes a member 

of this novel family of growth factors , even if such a DNA 
sequence would "not stringently hybridize to the sequence of 
TaBles-II— VIII. - ~ — - ' - ■ 

"Similarly/ DNA sequences which code for bone growth factor 
polypeptides coded for. by the sequences of Tables II - VIII, 
but which differ in codon sequence due to the degeneracies of 
the^geneticlrbde or allelic variations (naturally-occurring base 
changes ih^the- species: population : which may or may not result 
ihj aiv ;aminc^ ac>£^^harig^caisO"-encod'e :th*e~ novel growth- factors 
d^sci'ibea : herein. -- Variations * in the DNA: sequences of- -'Tables 
II-^VI-I-I which-- are^ caused- -by:- point- mutations or by induced 
modif iGations-to"-enha;nce'the activity;- -half '•life or production 
of tlfeT-pbl-ypeptides ^ehcbded- thereby : are'also encompassed: in -the 
Invention^ — - pre-r-rre^ ir.s i . . 

JezaiafeafKprZaqppg^r.rif i^Hpr. prpgphfc.:^hvpnh.i on provides a novel 
methoI^^o^pirbSu^ifif thfe :h't^v%i^* ; os^eb^ factors'. The 

methdcf-^f tSe-pre^n&~Mv^ ^-"suitable 
eell c ^r--eeli -ISlfe-p? which- Ka^ b^Sn^tr^nsf ormed- with* -ai DNA 
£e^enc£ s e©aing T 6i¥ s expres^ion for a^ -novel" ^ bbn^'" 'growth factor 
p61yp^ptfide r 'of r -th*e ^invention, under the control of known 
regu!£rfcbry° sequences. - 'Suitable- cells^ "or" -cell lines may be 
mammaliari r Geil^ f -such "as - Chinese hamster ovary cells (CHO) . 
The" selection- of n suitable mammalian- host- -cells- ana methods for 
£f ansf braatidnV : ctilture-/ amplif iGation, - Screening and^-product 
production - and purif ication -are known in the art. See-, '-e.g., 
G^:thi-ng--and" -Sambrook> - Nature / 29 3 : 62 0-6 2 5 (1981)-, or 
alternatively y Kaiffman~et~al. " M61 . Ceir. Biol: , 5 C7): 1750-1759 
: (1985) or Howley et al, U.S. Patent 4>419,.446. Another suitable 
mammalian -cell' line/ which is described :in the accompanying 
exampTes , ' 'is "the monkey COB'-l" cell line. A similarly useful 
mammaliaiv ceir line is - the CV-1 cell line, - 

Bacterial cells are suitable hosts. For example, the 
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fracture reduction and also -in the improved fixation of 
artificial joints, De novo bone formation induced by an 
osteogenic agent contributes to the repair of congenital, 
trauma induced, or oncologic resection induced craniofacial 
defects, and also is useful in cosmetic plastic surgery. An 
osteogenic factor of the invention may be valuable in the 
treatment of periodontal disease, and in other tooth repair 
processes. Such agents may provide an environment to attract 
bone- forming cells, stimulate growth of bone-forming cells or 
Induce differentiation of progenitors of bone-forming cells. 
Of course, the "proteins of the invention may have other 
therapeutic uses. 

A further aspect of the invention is a therapeutic method 
and composition for repairing fractures and other conditions 
related to bone defects or periodontal diseases. Such a 
composition comprises a therapeutically effective amount of at 
least one. of the bone inductive factor proteins of the 
invention. The bone inductive factors according to the 
present invention may be present in a therapeutic composition 
in admixture with a pharmaceutically acceptable vehicle or 
matrix. Further therapeutic methods and compositions of the 
invention comprise a therapeutic amount of a bone inductive 
factor of the invention with a therapeutic amount of at least 
one of the. other bone inductive factors of the invention. 
Additionally, the proteins according to the present invention 
or a combination of the proteins of the present invention may 
be co-administered with one or more different osteoinductive 
factors with which it may interact. Further, the bone inductive 
proteins may be combined with other agents beneficial to the 
treatment of the bone defect in question. Such agents include, 
but are not limited to various growth factors. The preparation 
of such physiologically . acceptable protein compositions, 
having due regard to pH, isotonicity, stability and the like, 
is within the skill of the art. 

In particular, BMP-1 may be used individually in a 
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applications. c . ; 

.„ ^Jve ^choice^-of material c is. based ..on, for example, 
biocompatibility , ,-bi.odegradability, . mechanical properties, 
cosmetic appearance and interface, properties. Similarly, „the 
application of the "osteoinductive factors will define the 
appropriate formulation. Potential matrices for the 
osteoinductive factors may r b.e v ^biodegradable , and chemically 
defined, such as, but not limited to calcium sulfate, 
tricalciumphosphate , z hydroxy apatite , . poly lactic acid, 
polyanhydrides ; ^biodegradable- .and ^biologically well defined, 
such -as ^ bone, or .dermal , collagen, .-Other .pure proteins, or 
extracellular L mafcrix components; nonbiodegradable and chemically 
defined£ U ^cjt^^s a sintered hydroxy^patite, ^biogl^ss., .aluminates 
gr^t^e^5^ra5^cs;. 0 ar Gg^lxiafai on^ a o.f .any, of ^the ^^ye^mentioned 
typies ,pf material, ~ { _s^h. as polylactic_a.cid and .hydroxy apatite 
gr n: c^JLlagen ^ai^^tricalca^ The..bio.ceramics might 

alac^-be^alte^ed^iii composition., . such ,as„in calcium-alumiriate- 
phosphate and jDrocessing^to, .. eLlter, _f.or._example^ . pore size, 
parfe4s^ e i.^4 i 5STiEarticle,. shape, . and„ biodegradability,..^^ 
; _ n ac ^£^^os£ge j^egi^eru^^^ , deteinaine.<|„by b t.he v Attending 
physicianrponsidei^^ ^ich^g^i.fy. £h£ action 

of v such D a growth factor, ^e.g..., amount, jof .bone weight desired to 
be^formed, -the sit^ of -bone ..damage,, the condition. of the damaged 
bo.ne,^ the patient. Is,, age,.,, sex, . and- -diet .the severity of any 
:inf ectiony - .time .of ..administration, and other clinical factors. 
The^ do^ge a; may i vary,, jwitli.. the. type. t of_ j^atrix_u^ed _ in the 
r^cons^ltutiori ( o^nd the ... composition, c p f_ ( BMPJs^. The, addition of 
pther^ .known growth factors.,, s.uch. as-IGFM (insulin like growth 
x£ac£pr p l) fy Xa the^fiiial r comp,o.sitioA,. may_also effect the dosage. 
-Generally^,- the .dosage, regimen . should be in_the range of 
approximately ...10 iV to 10 6 . nanograms .of protein per gram of bone 
weight desired,. Progress can be monitored by periodic 
assessment r pf bone growth and/or repair, e.g. x-rays. Such 
therapeutic compositions are also presently valuable for 
veterinary applications due to the lack of species specificity 
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are collected. 

The unbound^ raictigjiscare;.Qoncentrated and, dialyzed:against 
50mM : NaAc, 50mM NaCl : .(pH-4i;6r^ririb6H :'urea . Themnbound. fractions 
are applied^tp : a carboxymethyl. cellulose column? v~Protein not 
bound to the column is removed by extensive washing with 
starting buffer, and the bone inductive factor containing 
material desorbed from the column by 50mM NaAc, 0.2 5mM NaCl, 
6M urea (pH 4,6). The protein from this step elution is con- 
centrated. 2 0- to 4 0- fold, then diluted 5 times with 80mM 
KP0 4 , 6M urea^(pH6c0>v;'-The?pH -of the: solution is adjusted to 
- 6.0^ with ,500mM K. 2 HPj3^ ..:._.The , ..sample., .is applied, -to an 

^?a r: ^pH6/ 5 ;@i ^and„:aidr iunbpund>:prpteinL is l removed by~.washing 
^feec*i?.Q>ku©©rc5£ifeh , theccsameiabuffsr -rBone *-Xnductivi&-3::f;ac.tcr 
aj^Uivity is-^yited with:;10.0mMr iCPD: 4 z-:(pH7.:4)^ and 6M vure<=u pav._ - 
:r cTbeaPSlPtgin isicsncentrated^appr ,^£nd 
so iid - Na^J.- c^ddedLr.tQoapcfinal.' .-.concentration ^of - 0 . 15M-. ~ - This 
^&t@gi>&l-J& appliedotaia^heparin -S^pharose :calumn>-equia:ibrated 
ift r$Qj8i eKP0 4 . ISiEi^cN'aC^-afrM- urea r(pH7^4^-c *-:;Afitee extensive 
washing pfcfcbeceoiui^ protein wi-fhibbne' 

£pH7s4ix r.Thisr fraction:. cisrcoricentrated ' to a- minimum 
vplu©e^ .e-jan4r: 9 -stfltl &i iquotsr^are appli'Hdt : to "Superose t G -ra'nd 
s ^P e ?ose;- : 12 pcplumns" connected in;:series', equilibrated with 4M 
QuG^-^OmM T£ri.s (pHZc2} .-.and: the: -columns" ; developed - at : a" flow 
r at.e of ^o2^ndr/miner;The;protein demonstrating :bone^ inductive 
^S^9Sz^^y^i%^^^r.A crela£±ve:: migration . corresponding-- to 

approximately: ;3-0.>:^0Q tdal^ton protein.:.:.. .;•.£-. -. 

ic.:: cThe above -J-jract ions .are-pooled , , dialyzed against 5 OmM NaAc , 
6 «:.:^?a: :(pH4c6-)-/ and:appl-ied. to- a:- Pharmacia MonoS HR column." 
T ^;-cplumn- : ;is .developed ;. with; -a:: gradient to l.OM-NaCl, 50mM 
NaAc, ;; 6M u^ea„(p_Il4 . 6) vrcActdv.e fractions are^pooled and brought 
to-pH^O with 10;%;,;trifluoroacetic. acid (TFA) . The material is 
a PPlied . : tp . a 0. 46 :: x 2 5cm- Vydajc- C4 . column, in* 0.. 1% TFA and the 
column developed with a gradient to .90% acetonitrile, 0.1% TFA 
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B. I£del£et^£e~ FScui^ing— art : or:-:-rtja:- -r.c: dxalr-s^c acr= 
5 omtf .^fec isoelectric ■ point' of b£ne^induc€ive: factor "activity 
is determined in a" denaturing isoelectric focusing systems The 
Triton X100 urea gel* system (Hoef fer Scientific) is modified 
as -follows -<i^ < 43<%- of n ^h^ 0 ^%ph^ayt^es ^?used^are ' Servalyt^ 
3/10; 60% are Servalyte 7-9. 2) The catholyte used is 40mM 
NaOH. Approximately 20ug of protein from Example I is 
lyophilized> ' dissolved in sample buffer and applied to the 
isoelectrofbcusing gel. " The gel is- run: at *: 20: watts;: 10°C for 
approximately 3 hours. . At completion the lane ^containing 
bbne-'iJiduStUve^ f actors is--' slided-into^ O^-S inu slicesV- Each 
piece \isr ^asheS' in'--L. OmI ~6Mr urea; ~ 5mM Tris:- (pH- 7.8) and. the 
s^mp l^^-af-g it-^ted^ *"*t .^foob -temperatures iThe - sampl es care 
aGidifi^d';^ fditerfedV-dfesalted and assayed as- described above. 
The m^ jo^rp'artiort ^r.aetl^tty as ^dete rained . in --the:" assay 
d&s^t-ibisdP-in^'E^'afiipIe Hl£ffll^atfes-.in~a-manher:. consistent with 

asp^rb^l 8^a«:~9^2£ £ nepuri: '- S-r-pr.-iros-- : . 

in 50mM.KFC 4 , 150:T^ KaCl, 6>: vrer *ry:..'- Alter e::z.-::. 
*€^i;L:smbSffii^^ bur fa:- ; a prccein w:tn fccv^ 
induc^Hfee sfeaMt semp'dsition ©fubdfte- inductive- f actbr^isiialso 
S^teSrari&Jv * 4p ure TBbneiilia&c't-ive« f^tot" "is— isolated from a 
prepSfati^ 15% gel "desciribe'cT "above . ~ : A ^portion of the 
sampTT^is/ t^^.^gdae%^^ith»:5m-lt ' DTT in- -sample -buff er - and 
re-eleetrbph^resed -bn * a 15% SDS gel . - The- approximately 30kd 
protein yields - two ma j or band's -at ~s£^p^ox4:j&3^^y a*id~18kd, 
Is c well ^a£ -a "minor* -band - at -30kd . -The- -broadrie's'S'^of ~ the- two 
ba. r nd s ~ ^n di c a t e-s~ ; ^ h eter g g en : ea ty caused most probably by 
g 1 y c o sy 1-a-t io n 7 - ^otfte r b s-t - tr-a n s-l-a t iona-I^ modi f i~ca t i o n , 
prot^61yti'6'-d^gradatidh\ 1 br "dkr^amyiation-.- • - 

N£A-;. ur^ .. ■• , .---EXAMPLE" III — . --*•■' 

Biological:' Act'ivitv"-ofc Bohe Inductive Factor . . 

" v ; A-rat -bone -formation assay: according to the general 

procedure of~Sampath and R'eddi, Proc. Natl. Acad. Sci. U.S.A. . 
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above, followed by autoradiography. Analysis reveals a 
-coriz^&&&yfr :: ^ atft'ivdt^ with protein bands at 28 - 30kd and a 
pi 9 .15*.* An- extinction coefficient of**-i- QD/mg-cm is used -as "an 
estimate" -~f><3r- pro t^l3i~' and approximating the purity of bone 
inductive factor in a particular fraction. In the in vivo rat 
bone- .f orirrat ion 1 assays "orf "<filat±diTs *-*Ss "described abbveV'the 
protein is active in vivo at 10 to 200ng protein/gram bone to 
probably greater than lug protein/gram bone. 

— - EXAMPLE IV 

Bovine - Bone-" inductive Factor Protein" Composition 

THe protein composition of Example- IIA of molecular 
-we-ightr^S-c^u^kd: ^-Yedueed- as- -described : in~< Example- IIC 3fiid 
digested vith^ trypsin* Eightrtryptic fragments are isolated 
^DY^^^^d^agriit. i^>^oced"ur3SC.:havin'g^ ^fche^ ~f ol lowing-" a-mincr : a^id 
^sequehoefS^: -iiwere;;, aes^^-:ea -ssov-:. a--: ac^::.;:c,. a.r:.v^.- 

'^r^gm^iit?-! :PA^"A-F-L D^I ~A * Er -^D E a E B^^r^y- : r. rr •? ■?£=;=:'-■■ 
-F-r^gltfentP 2^~- A r ->F-^ ~V~- Q^-"Q K^'-2£*U- -If-- V -~ ■£ nxrner ;;c : ■ - " ■■:.*:'- 

Tragtfeht£ 3c: <N ^ ^ D M V V E G 
Fragment 4:STPAQDVSR 
TxagnmiitiiE: w IC:<^. <A: & 3fc * r i o r 

Fragiferct £S»iD"Si B:cP:-IlX2EL"S-.cH* TPXL iE?:E= -nciucriv-z, i£. a 

fragment s«:. F Bi&sy-Yr;:.- :::^rrr-' fact; - ;.5- 
rFragnrent.^: :i^K 3£^S ? T 'I- -Q:-S I- V-E • 

F?.rple ;a tess highly ^purified ^preparation^ of protein from 
JDovxne^boir^prj-s e prepared : according to"-" 'a-- purification scheme 
r-s±mfciary ±3dLdfeha*t- described- ^iiv~ Exmmpre-T^ ■- ~ - The ^purification 
ckasicallyr varies c from:- that previously described by omission 
,-ofr. the -DE5-S2 ~ calumny : the CM~~ cellulose^ column and the mono S 
-c-oyl:um-nv-asc:welrl:::as a-^Ve'rs^i- -in - the. "order- "of the 
^hydrcfxyrapatit^rahd heparin sepharose columns . Briefly, the 
concentrted crude 4 M extract is brought to 85% final 
concentration of ethanol" at '~4-"de"gfees . The mixture is then 
Qentrifuged^landL,t,he^.pr-e_cipitate_. redissolved in 50 mM Tris, 
0.15 M NaGl ,~ 6.0-M ureaT " This^material is then fractionated 
on Heparin Sepha"rose as described. The Heparin bound material 
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(a) A [A/G] [A/G] TC : [T/C] .TC : [-T/C.]. TC [A/G ] TC [T/C], AA - 
.-or:^]£: A i<£.VSJ |A^G,}-TC [-T/C] .TC- [T/C] : TC- [A/G] . TCNAG.. :: . . .... 

Bracketed nucleotJLdes are --alternatives . - •- "N-" . means either A, 
■ — .--.>:•■•- 

In both cases "the regions of the amino acid sequence used 
for,-, prober design., are chosen by avoiding c highly degenerate 
codons where possible. The oligonucleotides are synthesized 
on . an automated DNA synthesizer; the probes are then radio- 
actively labeled with polynucleotide kinase and 32 P-ATP. 
- i r -• - Thes e n tw^ s ets - probes are used - to screen a bovine 
genomic; recombinant library., . The. library., is constructed as 
So34l9.ws2? ? . -Bqy.i^ne , 1 iy er u ,pi{A -.is -pa-rtiatly digested rvi.th the 
r ?5triGtion-;endp_nuclea.se enzyfpe- c Sau~ 3A and r sedimented through 
a , su.cr^>s.e i ^aciient. a •-. -S±z e fractionated -DNA, v in. r ther. range -of 
iS-^Qkfeiis then ligated to the bacteriophage Bam HI vector EMBL3 
§??i-S£hauf etiai.r.J-. -MoI.l Biol.r r ri?^fl?7-g^ (1983)]. The 
H-brary, . is. placed at 8000 recombinants per plate. Duplicate 
ni-^-oceiiulose-. replicas of ;the plagues are made and amplified 
a??°:?-dring : to a modification- of the procedure of Woo et al, 
PgQC^..-Natl. Acad ^ Sci. -JJSA . 75:3688-91 (1978). 
7 ragmen tThe %J2 S mer. probe vis-, kinased with 32 P-gamma-ATP and 
h Y-b?Mi-zed to-one set of filters in 5X SSC, 0.1% SDS, 5X 
Den£ardts> lOOug/ml salmon sperm DNA at 45 degrees C and washed 
with 5X SSC, a; 0 ; ,l% SDS at.. 4 5 degrees C... The 17- mer probes are 
^naaed -and hybridized- tp ;: . the other set of : filters in 3M 
tetramethy-la^moniiim^ pjvlpride , (TMAC) , 0 . 1M sodium phosphate. 
EH6,. : 5^,_lmM EDTAj ; . 5X - Denhardt s 7 - 0 . 6 % a S DS , ^OyO-ug/ml-. salmon : sperm 
°NA _at 4.8.. degrees C, and .washed^ in 3M TMAC, - 50mM Tris pH8.p at 
50„ 4egrees J S C., , These, conditions .minimize- the -detection of 
mismatches -_ to- the . 17 _ mer probe pool, [ see , Wood et al , Proc. 
Natl. -Acad. Sci, U.S.A.. : 82;.15R'i-l saa (1985)]. 400, 000 
•?®fr9nbinants r are screened by this procedure- and one duplicate 

Positive is plaque purif ied. DNA . is _ isolated from a .plate 

lysate of this recombinant bacteriophage designated lambda bP- 
50. bP-50 was deposited December 16,* 1986 with the American 
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-,- 280 - - 290_ =£; (l^- 5 » ; -308„ 323 

CCTTCOCTCT TCTCTCTCCA GCT GCC TTC CTT GGG GAC ATC GCC CIG GAC GAG GAG 
~ ~ r Ala Rie Leu Glv Asp lie Ala Leu Asp Glu Glu 

- -a p i_ & o r A i~ o £ & 

338 n 353 368 

GA€ Cr FIG?AGG D <fcc a ^fe 1 ©A (^C^V^G^'-GCG^GAC" ClG' AGA CAG' CGT G&^OCf 
Asp Leu Arg Ala Ehe Gin Val Gin Gin Ala Ala Asp Leu Arg Gin Arg Ala Ihr 

0 L_ R R~VTTT1 EPC (\ <2 A T 

383 398 (37) 414 424 

CGC : AGG TCT TCC .ATC AAA GCT GCA GGTACACIGG GTACAGGCCA 
Arg Arg Ser Ser lie Lys Ala Ala 

fv ft... $ s r « a; 
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residue. (K) as expected considering the specificity of trypsin. 
The arginine residue encodediJay: the CGT triplet is presumed 
fea -feef 'the carboxy-terminus of the protein based on the : presence 
of a stop codon (TAG) adjacent to it. 
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2:5 

Cv^ bBMP-3 -^rr cr^-nc c:::::;acx„:.:: - . .... i*: ■ u:. 

"he argJ?XLOfees:aconsis^ of oligonucleotides- are 

designed onr::feive~ basis of the amino acid sequences of -the 

tryptic Fragments 9. (Probe. #3) ,_10_( Probe #2), and 11 (Probe 

#1) , and synthesized "on an automated DNA synthesizer. 

Probe #1: A C N G T C A T [A/G] T T N G G [A/G] T A 

Probe #2: C A [A/G] T A [A/G] T A N G C [A/G] T C [A/G] A A 

Probe #3: T G [A/G/T] ATNGTNGC [A/G] T G [A/G] T T 

A recombinant bovine genomic library constructed in 
EMBL3 is screened by the TMAC hybridization procedure detailed 
above in part A. 400,000 recombinants are screened in duplicate 
with Probe #1 which has been labeled with 32 P. All 
recombinants which hybridized to this 'probe are replated for 
secondaries. Triplicate nitrocellulose replicas are made of 
the secondary plates, and amplified as described. The three 
sets of filters are hybridized to Probes #1, #2 and #3, again 
under TMAC conditions. One clone, lambda bP-819, hybridizes 
to all three probes and is plaque purified and DNA is isolated 
from a plate lysate. Bacteriophage lambda bP-819 was deposited 
with the ATCC on June 16, 1987 under accession number 40344. 
This bP-819 clone encodes the bovine bone growth factor 
designated bjBMP-3 . 

The region of bP-819 which hybridizes to Probe #2 is 
localized and sequenced. The partial DNA and derived amino 
acid sequences of this region are shown in Table IVA. The 
amino acid sequences corresponding to tryptic Fragments 10 
and 12 are underlined. The first underlined sequence 
corresponds to Fragment 12 while the second corresponds to ■ 
Fragment 10. This region of bP-819, therefore, which hybridizes 
to Probe #2 encodes at least 111 amino acids. This amino acid 
sequence is encoded by the DNA sequence from nucleotide #414 
through #746. 
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EXAMPLE V 
Human Bone Inductive Factors 
A. hBMP-1 

Because the bovine and human bone growth factor genes 
are presumed to be "significantly homologous, the bovine bBMP- 
1 DNA sequence of Table II (or portions thereof) is used as a 
probe to screen a human ge.iomic library. The 800bp EcoRI 
fragment of the bovine genomic clone is labeled with 32 P by 
nick-translation. A human genomic library (Toole et al. , 
supra) is plated on 20 plates at 40,000 recombinants per 
plate. Duplicate nitrocellulose filter replicas are made of 
each plate and hybridized to the nick-translated probe in 5 X 
SSC, 5 X Denhardt's, lOOug/ml denatured salmon sperm DNA, 
0.1% SDS (the standard hybridization solution) at 50 degrees 
centigrade for approximately 14 hours. The filters are then 
washed in 1 X SSC, 0.1% SDS at 5 0 'degrees centigrade and 
subjected to autoradiography. Five duplicate positives are 
isolated and plaque purified. DNA is obtained from a plate 
lysate of one of these recombinant bacteriophage, designated 
LP-H1. LP-H1 was deposited with the ATCC on March 6, 1987 under 
accession number 4 0311. This clone encodes at least a portion 
of the human genomic bone growth factor called hBMP-1. The 
hybridizing region of LP-H1 is localized to a 2.5kb Xbal/Hindlll 
restriction fragment. 



peptide sequence from this clone is 3 7 amino acids in length 
and is encoded by the DNA sequence from nucleotide #34 4 0 through 
nucleotide #3550. The coding sequence of Table V is flanked 
by approximately 28 nucleotides (a presumptive 5' noncoding 
sequence) as well as approximately 19 nucleotides (a presumptive 
3' noncoding sequence. A comparison of the bBMP-1 sequence 
of Table II with the hBMP-1 genomic sequence of Table V 
indicates the significant homology between the two. 



The partial DNA sequence and derived amino acid 
sequence of lambda LP-H1 are shown below in Table V. The 



Because the size of coding regions and the positions 



j j PCT/LSST/OUi, 



'31 



v. Bone Inri ucr;\v£ . TABLE V 
: ..l^ffi* 3429 3439 (1) 3454 

cAGocxaHGCisrsaimTr crcrrrAGcr gcc tit. .err ggg gac att gcc ctg gac 
• — . Ala fhe Leu Gly Asp lie Ala Leu Asp 

^ <g£ GAC CTC MGGOC TTC.CAG GTA CAG.CAG GCJLGIG GAT-CTC AGA.OGG CAC 
^ t MP I^'wg'Ala Riff "Gin Val Gin Gln-AXa Val Asp Leu Arg Am His 

e , «£ u * A ■ p • Q v ^ ■ <? A V o l?™H 

*™ 3529 - 3544 07) 3560 3570 

AGA GCT GGT AAG TCC' TCC ATC AAA GCT GCA GGTAAGCCGG GTGCCAATGG 
Thr Ala Arg rLys-.^Sec Ser lie Lys Ala Ala ......... r 

T ; . h *V. r U A A . 



. "C e a n c n v c r 2. a 1 x ~ o t. r; £ r * i c v - 7. :;* a r: ? . 




:ces£ 



.on number nC21., 
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The entire nucleotide^se.quence and derived amino acid 
sequence of the insert of lambda U20S-1 is given in Table vi. 

^Tliis^^NA—clbrie encodes a Met followed by a hydrophobic leader 
sequence characteristic of -a secreted protein, and contains a 
stop codon at nucleotide positons 2226 - 2228. This clone 
contains an open reading frame of 2190bp, encoding a. protein of 

"7 3(T amino" acids with "a mbTecular weight og 83kd based on this 
amino acid sequence. The clone contains sequence identical to 
tSe" coding' ; riagiqjv given! in -;TabTe V. This protein is contemplated 
to represent a primary translation product which is cleaved 
upon secretion to produce the hBMP-1 protein. This clone is 
therefore a cDNA for hBMP-1 corresponding to human gene fragment 
contained in the genomic hBMP-1 sequence lambda LP-H1. It is 
noted that amino acids #550 to #590 of BMP-1 are homologous to 
epidermal" growth factor and the /'growth factor" domains of 
Protein C, Factor X and Factor IX. 
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I :-: r£65> - - ;^ r r? n u c ;, £ c r€8Q & - y e cru e r. r; a: .695d e r • v- ; 

AAG TTC GGC ATT GTC GTC CAC GAG CIGGGC CAC GTC GTC GGC TTC'tGG CACGAA 
Ly^Rne^Iy lie Val Val His" Glu Leu -Gly His Val 'Val X31y~Phe Trp His Glu 
\<v...:,F .r£:.X V- V,r.^ U £ h .V' V <2- ^ -v H E 

7 10 725 740 755 

CAC ACT CGG CCA GAC CGG GAC CGC CAC GTT TCC ATC GTT CGT GAG AAC ATC CAG 
His Thr Arg Pro Asp Arg Asp Arg His Val Ser lie Val Arg Glu Asn lie Gin 

CCA GGG CAG GAG TAT AAC TTC CIG AAG -ATC GAG CCT CAG GAG GTC GAG TCC CIG 
Pro . Gly Gin" Glu Tyr Asn Rhe Leu Lys MET Glu Pro Gin Glu Val Glu Ser Leu 
f ■& E Y - ^ F L " « A\ £ P O E V e S L 

.; 830 : : . . i _ 845 - 860 

GGG GAG ACC TAT GAC TTC GAC AGC ATC ATG CAT TAG GCT CGG AAC ACA TTC TCC 
Gly-G^i Thr Tyr Asp Rhe Asp'Ser lie' MET His Tyr Ala r Arg Asn Thr Rhe Ser 

,.._ 875 - . 890 905 920 

AGS : GGC- ATG TTC GIG GAT :: ACC ATT "GlXfQCC 'AAG TAT' GAG GTG AAC GGG GTG AAA'"" 
ArSTc^l ft«:^;LeurAsp.5 , Ba:=:33.e Val -Pro Lys-.- Tyr Glu Val- Asn Gly. Val Lys 

......... —.935-. ., - rgso • V . .. : ...ggg h '.; . . 

^cGCC c ^ a GGC :? CA^, s .AGG ACA-QGG- CTC-; AGCr AAG GGG"GAGr ATT - GCG- GAA ; GGGj-CGC- 
^JgP. ^ 8 .Gly..^A^,artoiLe[i Ser. Lys Gly Asp Ile Ala^Gln Ala*Arg : " 

980 995 1010 1025 

AAG CTT TAC AAG TGC CCA GGC TGT GGA GAG ACC CTG CAA GAC AGC ACA GGC AAC 
Lys Leu Tyr Lys Cys Pro Ala Cys Gly Glu Thr Leu Gin Asp Ser Thr Gly Asn 
K LV K Cf /Vc- G *T T U £ pSr&N 
1040 1055 1070 1085 

TTC TCC TCC OCT GAA TAC CGC AAT GGC TAC TCT GCT CAC ATG CAC TGC GTG TGG 
Rhe Ser Ser Pro Glu Tyr Pro Asn Gly TVr Ser Ala His MET His Cys Val Tro 
P S S PE"YP. NCTS AH-^i^cLV W 
1100 1115 . H30 

CGC ATC TCT GTC ACA CCC GGG GAG AAG ATC ATC CIG AAC TTC ACG TCC CTG GAC 
Arg lie Ser Val Thr Pro Gly Glu Lys lie lie Leu Asn Phe Thr Ser Leu Asp 
V ^ ? £ £ ^ X 1 L_ A/' p f. $ L D 
1145 1160 H75 1190 

CTG TAC CGC AGC CGC CTG TGC TGG TAC GAC TAT GTG GAG GTC CGA GAT GGC TTC 
Leu Tyr Arg Ser Arg Leu Cys Trp Tyr Asp Tyr Val Glu Val Arg Asp Gly Rhe 

(vUcwy 0Y v/ e v a D G ^ 

1205 1220 1235 

TGG AGG AAG GCG CCC CTC CGA GGC CGC TTC TGC GGG TCC AAA CTC CCT GAG CCT 
Trp Arg Lys Ala Pro Leu Arg Gly Arg Rhe Cys Gly Ser Lys Leu Pro Glu Pro 

1250 1265 1280 1295 

ATC GTC TOC ACT GAC AGC CGC CTC TGG GTT GAA TTC CGC AGC AGC AGC AAT TGG 
lie Val Ser Thr Asp Ser Arg Leu Trp Val Glu Rhe Arg Ser Ser Ser Asn Tro 
XV ^TD S R !=■ (< % % s N W' 

1310 1325 1340 1355 

GTT GGA AAG GGC TTC TTT GCA GTC TAC GAA GGC ATC TGC GGG GGT GAT GTG AAA 
Val Gly Lys Gly Rhe Rhe Ala Val Tyr Glu Ala lie Cys Gly Gly Asp Val Lys 
WG KGFP/Y V Y t= -A £ C- 6 G o Vk 



W'0 .88/0.0205 



PCT/^S87/01537 



37 



2060 _ 2075 6c. 2090 2105 

XCC" TS? CAG TAG" AAC AAC A1G CGC G2G- : GAS TTC AAG- TCC GAC AAC ACC GIG TOC 

Tn£ Girt' Tyr Ash Ash MET Arg Vail Glu Pher Lys Ser- Asp- Asn Uir Vai Ser 

T S O. Y A/ hi A\ (I \J £ /= ft S 10 A/' r V S 
2120 ~ 2135 2150 ,.. 2165 

AAA AAG GGC TIC AAG GCC CAC TTC TTC TCA GAA AAG AGG CCA GCT \Js CAG CCC 
Lys Lys Gly Pne Lys Ala His Hie Phe Ser Glu Lys Arg Pro Ala Leu Gin Pro 

K l< & F K A II F P * £ |< ^ P A L a P 
2180 2195 2210 

GCT- GGG GGA- QSC GGG GAG GAG GIO AAA" TTC - CGA GIG CAG" AAA- AGA AAC GGG ACC 
Pro Ara Gly Arg Pro His Gin Leu Lys Ehe Arg Val Gin Lys Arg Asn Arg Tnr 

P(7iS) G k P HQ L -l< P V Q |l (IT 
2225 2235 2245 2255 2265 2275 2285 

CCC . CAG TGAGGCCTGC -CaGGCCICCC 'GGACCXX^ TTACTCAGGA ACGTCACCTT GGACGGAATG 
Pro Gin , 

v a 

. .. iL 2 ? 95 2305 ;: : 2315 2325 .- '-: 2335 2345 2355 

GGATCGGGGC TTCCG1XXCC : PSy^OO!^ CACCTCCACT CTGCCATTCC GGCCCAGCIC CCICTGGOCG 

_ 2365 : 2375 2385 ' ' - 2395 2405 2415 2425 

G^AGAACIG^^ ^GOSTCQS GSSACCGGGG-'ACGCITGCCC :GTGCCCTACC 

jj^ 24 ?? 2445 - : : 2455 2465 2475 '2485 2495 

GCGTCCCAIT- TIGATGGTJG^-TSEJlGACATT -KXT^tlGlG AAGTAA^AGA-'GdGAlCCCCIG^'^GG 

. i-ys Leu Tvr Lvs Cv— Pro Als CVs 0." ' • ^j.v T^-- • • r— .. - - - 



WO 88/00205 <JT n ^.., .~ ' 

0 0 PCT/US87/01537 

39 

.,y. ith tiie sequence given in Table III at the 3' end of their 
:&odln^ less r .so-.inXi-'the -.jnore 5' regions— -.Thus 

theyi- encode: a~human:proteih..of:,.siffiilar, though not identical, 
structure to that above. 

Full length " hBMP- 2 Class I cDNA clones are obtained 
in the following manner. The 1.5 kb insert of one of the 
Class II subclones (II-10-1) is isolated and radioactively 
^ labeled "by- "nick-translation. ' One set "of the nitrocellulose 
replicas of the U-2 OS cDNA library screened above (50 filters, 
corresponding ,to .1,000,000 recombinant bacteriophage) ""are 
rehybridized with this probe under stringent conditions 
(hyb ^rf dization ;.; at 65 °. i n standard hybridization . buff er ; 
.-washing Tatros-S.°j- iri;CJ0 .2: x SSC, c;oci%v :sds-): ; All recombinants 
which hybridize to the bovine genomic probe which do not 

~^ y . b . ri ^i5^ < i v l 1 l e _ c i5. s ®^? c £ P robe J^e picked -and plaque- purified 
^W^ecoifi&i"nah%s j'''.^" v ' ; if a^e^slfockV 'aW"made "ah^Sl/" scale 
bacteriophage DNA preparations made. After subcloning into 

C^y^Sr^^^if^^rd^ r 3ese.^ep-r.esent 
clones which overlap the original Class I clone. One of 
these, lambda U20S-39, contains an approximately 1.5 kb 
Cinsert and was deposited with the ATCC on June 16, 1987 
under accession number 4 03 45. The partial DNA sequence 
(compiled from lambda U20S-39 and several other hBMP-2 Class 
I cDNA recombinants) and derived amino acid sequence are 
shown below in Table VII. Lambda U20S-39 is expected to 
contain all of the nucleotide sequence necessary to encode 
the entire human counterpart of the protein BMP-2 Class II 
encoded by the bovine gene segment whose partial sequence is 
presented in Table III. This human cDNA hBMP-2 Class II . 
contains an open reading frame of 1138 bp, encoding a protein 
of 396 amino acids. This protein of 3 96 amino acids has a 
molecular weight of 45kd based on this amino acid sequence. 
It is contemplated that this sequence represents the primary 
translation product. The protein is preceded by a 5 ' 
untranslated region of 34 2 bp with stop codons in all frames. 




TABLE VII 



10 20 30 40 50 60 70 

GTOGACTCIA GACTGTCICT CAGCACITGG CIGGGGACIT CETGAACITG CAGGGAGAAT AACITGOGCA 

80 90 100 110 120 130 140 

' CCCCACITTG OGCOGGIGCC TTTGCCCCAG OGGAGCCIGC TTOGCCATCT COGAGCCOCA CCGCCCCTCC 



150 160 . - 170 . 180 . 190 200 . 210 

AcrqcioGGC ,.ctigccogac actgagaogc tgtkxtagc gtcaaaagag agacigogog gcoggcaccc 

- . „ 220 ... 230 240 " 250 260 '27 0" 280 

GGGi^ ccagagittt 



{10 re c^g - . 1 1 4 a n t^ QQ . ~ 1 s r :; c 32tf r e - r- -330 *-- - - - - 340 ~ 350 

ccTCCMGTOCa*^ TTCTIAGAOG GACTGOGCTC TCCTAAAGCT 

■-12, sequence analysis vha^ - ; ; rar »i.-,r.- 

:lone? (l)hicr ~^~~^370 ... "1 385 40~cf 

CGACC A!£G GIG , GCC GGG ACC CGC TGI CTT 'CIA GOG TIG 'CIG CTT CCC CAG CTC 
~ s - ' ME^Val^JUA^Gly- :: Bir ta i^ xys Leu :Leu Ala Leu- leu Leu Pro* Gin Val 

415" * 430- -445-— ^ : ^ 

:r <^ :: CIG l33G^GGC-GOG GCT GGC CTC GOT COG GAG CIG GGC OGC AGG AAG TIC GOG 
.~Lsu, Leu ,Gly .Gly Ala., Ala Gly Leu Val Pro Glu Leu Gly Arg Arg Lys Ehe Ala 
^L L' G G A A G ^ ^ P - ^ G ^ IP A 

480 -'-^ ^ "c: cr.:.:. r_;475 . - .490 .505.. 

GOG GOG TOG TOG GGC CGC CCC TCA TCC CAG CCC TCI GAC GAG CTC CIG "AGC GAG 

* Ala Ala Ser Ser Gly Arg Pro Ser Ser Gin- Pro Ser Asp Glu Val. Leu Ser Glu 
on^. r&zr.£ r • P- S P- - * P 6 V L. S. £ 

520 535 ^ 550 565 - 

* TTC r 'G^-TIG OGG-CTG CTC AGC AIG TTC GGC CIG AAA -CAG..AGA CCC ACC CCC AGC 
. . Fhe Glu Leu Arg Leu Leu Ser MET Pie Gly leu Lys Gin Arg Pro Thr Pro Ser 

*=: £ L 1- L ^ 5 * ^ ^ L" I* & K P T P 5 
a t= . .... -580- . 595" : - '610 

- AGG GAG GGC GIG GIG CCC CCC TAC AIG CIA GAC CIG TAT CGC AGG CAC TOG GGT 
Arq Asp Ala Val' Val Pro Pro Tyr MET Leu Asp Leu Tyr Arg Arg His Ser Gly- 

g 5 v v r p y M l p i- v k p. u s & 

- .--625 640 655 670 

~ CAG COG GGC TCA CCC GCC CCA GAC CAC CGG TTG GAG AGG GCA GCC AGC CGA -GCC 
" Gin Pro "Gly Ser Pro Ala Pro Asp His Arg Leu Glu Arg Ala Ala Ser Arg Ala 

- ft. f £ ^ P A P D K P- L IF ^ A A S ^ A 

V 685 ^ 700 715 

AAC ACT GIG OGC AGC TTC CAC CAT GAA GAA TCT TTG GAA GAA CIA CCA GAA AOG 
Asn Thr Val Arg Ser Hie His His Glu Glu Ser Leu Glu Glu Leu Pro Glu Thr 
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1435 1450 1465 1480 

GCA TGC TCT CTC COG ACA GAA CTC ACT GCT ATC TOG ATG CIG TAC CTT GAC GAG 
Ala Cys Cys Val Pro Thr Glu Leu Ser Ala lie Ser MET Leu Tyr Leu Asp Glu 

l c c I/ P T f L S l.A r s ^ u Y u D 

n 1495 1510 1525 

AAT GAA AAG GIT GTA TTA" AAG AAC TAT CAG GAC ATC GIT GIG GAG GGT TCT GGG 
Asn Glu Lys Val Val Leu Lys Asn Tyr Gin Asp MET Val Val Glu Gly Cys Gly 

(J & \< V it. u K M V 0 p /w \J U ^ ^ ^ fi 

1540(396) 1553 1563 1573 1583 15 93 1603 

TCT. OGC TACTACAGCA AAATTAAAIA CAIAAATAIA TATATATAIA TAIATTTTAG AAAAAAGAAA 
Cys Arg 

AAAA. 
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-r-::-r" rr7A7c._c.-icr. —c~— 762 777 
AGC OGG GCC AAC AOC GIG AGG AGC 'iTC CAC CAC GAA GAA CAT CIG GAG AAC ATC 
Ser Arg Ala Asn Thr Val Arg Ser Fhe His His Glu Glu His Lexi Glu Asn lie 

s p. / r m r v ^ s r (4 /t e t- (u f /v x 

792 807 822 837 

CCA GGG ACC ACT GAA AAC TCT GCT TIT OCT TIC CTC TTT AAC CIC AGC AGC ATC 

Pro Gly Thr Ser Glu Asn Ser Ala Ihe Arg Hie Leu Hie Asn Lai Ser Ser lie 

852 867 882 897 

CCT GAG AAC. GAG GIG ATC TCC TCT GCA GAG CTT OGG CIC TIC OGG GAG CAG GIG 
Pro Glu Asn Glu Val lie Ser Ser Ala Glu Leu Arg Leu Fhe Arg Glu Gin Val 

f e Ai u u f s s a <e u a. l p r £ e \J 

912 927 942 

GAC CAG GGC OCT GAT TGG GAA AGG GGC TIC CAC OCT ATA AAC ATT TAT GAG GIT 
Asp Gin Gly Pro Asp Trp Glu Arg Gly Rie His Arg He Asn lie Tyr Glu Val 

0 (3 6 P p w & €> p H R x N t: y u 

957 972 987 1002 

ATC AAG CCC OCA GCA GAA GIG GIG CCT GGG CAC CTC ATC ACA OGA CTA CIG GAC 
MET Lys Pro Pro Ala Glu Val Val Pro Gly His Leu lie Thr Arg Leu Leu Asp 

1017 1032 1047 

AOG AGA CIG GIC CAC CAC AAT GIG ACA OGG TGG GAA ACT TTT GAT GIG AGC CCT 
Thr Arg Leu Val His His Asn Val Thr Arg Trp^ Glu Thr Ehe Asp Val Ser Pro 
T R L \J H K N \J T~ W ^ *= T P D \J S P 

1062 1077 1092 1107 

GOG GIC CTT OGC TGG ACC OGG GAG AAG CAG OCA AAC TAT GGG CIA GCC ATT GAG 
Ala Val Leu Arg Trp Thr Arg Glu Lys Gin Pro Asn Tyr Gly Leu Ala lie Glu 
A- V/ L ft W T" K t'K Q P N' Y G L A r £ 

1122 1137 1152 1167 

GIG ACT CAC CTC CAT CAG ACT OGG AOC CAC CAG GGC CAG CAT GIC AGG ATT 'AGC 
Val Thr His Leu His Gin Thr Arg Thr His Gin Gly Gin His Val Arg He Ser 
V/TK LA Q IA 62 £ a U V \^ £ 5 

1182 1197 1212 

OGA TOG TTA OCT CAA GGG ACT GGG AAT TGG GCC CAG CIC OGG CCC CTC CIG GIC 
Arg Ser Leu Pro Gin Gly Ser Gly Asn Trp Ala Gin Leu Arg Pro Leu Leu Val 
P-S lwp&G»$6WwA<5URp"LL,V/ 
1227 1242 1257 1272 

ACC TTT GGC CAT GAT GGC OGG GGC CAT GCC TIG ACC CGA OGC OGG AGG GCC AAG 
Thr Hie Gly His Asp Gly Arg Gly His Ala Leu Thr Arg Arg Arg Arg Ala Lys 
T F" € H D & Ft & M A U T « ft R /k \<L 

1287 1302 1317 - 

OGT AGC OCT AAG CAT CAC TCA CAG OGG GCC AGG AAG AAG AAT AAG AAC TCC OGG 
Arg Ser Pro Lys His His Ser Gin Arg Ala Arg Lys Lys Asn Lys Asn Cys Arg 

r: s v> tc it (4 ^ e< ft /v k \< m k n c r 

1332 1347 1362 1377 

OGC CAC TOG CTC TAT GIG GAC TTC AGC GAT GIG GGC TGG AAT GAC TGG ATT GIG 

Arg His Ser Leu Tyr Val Aso Hie Ser Asp Val Gly Trp Asn Asp Trp He Val 

fltf ^ L V \J P Fso VcSwNowrv/ 

1392 1407 1422 1437 

GCC CCA OCA GGC TAC CAG GCC TTC TAC TCC CAT GGG GAC TCC CCC TTT CCA CIG 
Ala Pro Pro Gly Tyr Gin Ala Fhe Tyr Cys His Gly Asp Cys Pro Fhe Pro Leu 
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The, sequences of -BMP-2 Class I and II, as well as 

.^ P ~?~ » h J?^3^ abr ** : ' 1 ^ **» -Vll and VIII have-significant 
"nomoiogy to the beta (B) and beta (A) subunits of the inhibins. 
The inhibins are .a family of hormones which are presently 
J-J?Y.^ t i?atfid^f or use Ln ^contraception.. _See„. A,, j. 
Mason et al, Nature, 318:659-663 (1985). To a lesser extent 
they are also homologous to Mullerian inhibiting substance 
^TTCISJV.-a -t-es"U.cula^-g4"y'c6jirdteii*-tBat-^Ga»ses. regression of 
the Mullerian duct during development of the male embryo and 
transforming growth factor-beta (TGF-b) -which can inhibit or 
stimulate growth of cells or cause them to differentiate. 
Fur1 r he ™ ore ' the sequence of Table VII encoding hBMP-2 Class 
^ a ^^' i£ ^9 ai i^- homology to the . Drbsophi-Ta decapentaplegic 
(DPP-C) locus transcript. See, J. Massague, Cell . 49:437-438 
fr^rx W *J.W.? e tt et al, Mtuxe,. 325: 81-84 (1987) ; R. L. 
:cate-etraIV Ccell -45 : .685-698 - ( 198 6 )\ " , it is considered possible 
•therefore that BMP-2 Class II is the human homolog of the 
Cfro-teifTmaae- from.;thts:-transcript from-this 'deveropmenta'rmutant 
"iocusv^ '--^ Arr Clv — "■■ •■•:.< 

c. bme.^3 

val Z^r .^;."^§g^s e .^^^W S?^ : 9^wth; factor' genes"; are 

presumed to be significantly homologous, oligonucleotide 
-probes, which have been shown; to hybridize to the bovine DNA 
sequence of Table IV;A and IV.B are' used to screen a human 
genomic library A human genomic library (Toole et al., 
• -^r§7 ) " is screened using these probes,. and presumptive positives 
are isolated" a rid DNA Sequence obtained " as described'" above. 
Evidence that this recombinant encodes a portion of the human 
bone, inductive factor molecule relies on the bovine/human 
protein and gene structure homologies. 

Once a recombinant bacteriophage containing DMA 
encoding a portion of the human BMP-3 molecule is obtained 
the human coding sequence is used as a probe as described in 
Example V (A) -to identify a human cell line or tissue which 
synthesizes BMP-3. mRNA is selected by oligo (dT) cellulose 
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VIII or other ^modifised sequences lanct- known, vectors*: such as 
r*GD " f Okav^mfr^et r, a 'I, , ■ . = Mol , : Cell Biol^-,. 2:161-170 (1982)] and 
pJL3,pJL4 [G©ugir-et r al. , EMBO J.; 4:645-653 (1985)]. The 
transformation of. -these vectors into appropriate host cells 
can result in expression of osteoinductive factors. One 
skiTIecf" in :* the " art* could* 'manipulate the sequences of Tables 
II-VIII by eliminating or replacing the mammalian regulatory 
sequences flanking the coding- sequence with bacterial sequences 
to create bacterial vectors for intracellular or extracellular 
expression * by " bacterial cells. For example, the coding 
sequences could be further manipulated (e.g. ligated to other 
kriowh— Tinkers- or^*nrodif ied::by -deleting -non-coding sequences 
there- from - or '-''altering* nucleotides:; therein by other known 
tischn : iqu£s , ) : .- «-Tfie- modified- bone /inductive factor coding 
sequence- could -then ^be -inserted:, into a. known bacterial vector 
using"-" procedures such' -as ; described in T. - Taniguchi et al., 
Proc:- Natl Acad. Scr. USA -, 77: 5230.^5233 ( 1980V . This exemplary 
&acVe*fial-'v£^ into, abacterial 

host" cells and bone inductive factor expressed thereby. For 
a- strategy for producing extracellular expression of bone 
inductive^ act a£ iV in^ bacterial -ce'lls.:;. *see:,_;e i:g. European 
patent 1 "application -EPA:' 177 -3 4 3'. c 1L - 

crc..^- * Similar ' ma-nipulatio.ns can be performed for the 
construction of an insect vector [See, e.g. procedures described 
in : published European patent application 155, 476] for expression 
:inl-. :: insec&"Cells-. :A yeast vector could .also; be constructed 
employing- yeast regulatory - sequences for intracellular or 
extracellular expression of the factors of the present invention 
by yeast cells. [See, e.g. , procedures described in published 
-POT application- WO8-6/00639 and European patent application EPA 
123,289] 



•factor of "-the- invention from mammalian cells involves the 
-construction of cells containing multiple copies of the 
heterologous bone inductive factor gene. The heterologous gene 



A method for producing high levels of an osteoinductive 
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Da^n a^ r PNA^ r 7 8.;-.? 5 7 5^7 5.-7c8fcrj £198 1 ) ,i-:Luthman v andciM-agnuss on , 
Nucl. Acids .^Ras . ,11: .425.57^3,08 (1983)]. Serum- free 24 hr. 
conditioned medium is collected from the cells starting 40- 
70 hr. post- transfeet ion. 

res-Jhg ffj*miftiia©sexpressixtti.-jvector: pMT-2 Cla-Xho (pMT2 
?^)i:is r a.-derivative of p91023 (b) (Wong et. al., Science 
228.: 810-815,. 1985) differing from the latter in that it 
contains the ampicillin resistance gene in place of the 
• tetracycline, resistance gene and further .contains . a Xhol site 
f or- : insertion of cDNA.glones. The functional elements of 
pMT2, Cla-Xho have ; been;„ described... (Kaufman, R.J. / 1985, Proc. 
Natl. r Acad.;eSciv :.USAc a2:i689-693).::.and. includevrthe: adenovirus 
VA genes , : . the--SV40- origin - of- .replication.: including-' the 72 bp 
enhancer, the adenovirus major-late .promoter including^ a 5 r 
sp.>ice r ^site ...and- the -ma j ority of.- the adenovirus -tripartite 
leader sequence -present on adenovirus late mRNAs, a* 3 1 splice 
acceptor -site-/ ■•• a DHFR;,-jnsert , - the- S.V40 early polyadenylation 
site- d§H&9) >^eand pBR3,2 2; sequences needed: ^or. propagation in 
E-- Goli- .' - ir.i_. ... ■ „ .: .... 

2. sr.ra~B%asmi^ r pi®2«eia^Xho As*: obtained "by EcoRi^digestion of 
pMT^VWE., /£ . whd^h : .rha;&. be&n; deposited., with -the American-. Type 
Culture Golleetipn- (ATCC)-;7Rockville, MD (USA) under accession 
number ATCC .67122 . - -EcoRI digestion excises the cDNA insert 
P£. ese nt in- pMT2 -VWF , - . yielding pMT2 in linear- '^orm which -can be 
ligated and used to transform E. coli HB 101 or DH-5 to 
ampicillin resistance. Plasmid- pMT2 DNA can be prepared by 
conventional -methods. . ,pMT2CX is then constructed by digesting 
pMT2 with Eco RV and Xbal, treating the digested DNA with 
Klenow fragment of DNA polymerase I, and ligating Cla linkers 
(NEBio.labs., CATCGATG) . -This removes bases 2266 to 2421 
starting from the Hind III site near the SV40 origin of 
replication and enhancer sequences of pMT2. Plasmid DNA is 
then-digested with~ EcoRI> -blunted- as above, and ligated' 'to an 
EcoRI adapter, 

5' PO4 -AATTCCTCGAGAGCT 3! 
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: a r: n c. :£j^ition of human" BMP V -1- to ,the. matrix- material : resulted 
^J^atipji^ of . ca_r^ 1 a gjs^-like / nodules- at - ~7r~.days post 
implantation ce.r.The chondroblast-type cells„ .were recognizable 
by shape and expression of metachromatic matrix. The amount 
of activity observed, for . human _ BMP-1. was dependent upon the 
amount* of human* -BMP-1 protein" 'added to • the matrix. Table IX 
illustrates the dose-response relationship of human BMP-1 
protein to the amount of bone induction observed. 
. _:/* . Table IX ■• 

IMPLANT NUMBER AMOUNT USED HISTOLOGICAL SCORE 

(equivalent of ml 
~.zzl, iransf ection" media). •*-„..• 

876-134^1 " 7:r: i0- : 'BMP-i"* : " : - - : " - - c+2 

876-134-2 '"'3 BMP-1 \[\ C+l 

875crl-34^3-:e: • 1 - BMP-1 = " ; - C +/- 

*876 £ 134*-4 - v : " : ■ 10" MOCK : "~ ' C - 

876 r 134-5 3 MOCK " c'- 

876-134-5a.asr:ic, ;. ; _..A~ -MOCK: = : — » cr ■ • ■ CrT".. ■ \; 

Ca'r£iTage' (c) ^activity ; seated 1 oh" a scale :: f rditi ; cr(-) : to 5 : ."' 



"Similar levels of activity are seen in the Heparin 
Sepharose fractionated' COS cell extracts ." : Partial purification 
is * accomplished in a similar manner as described above except 
that 6M~ urea" is "included in"' "all "the buffers. Further/In a 
rat *bohe "formation' assay as described above, ~BM F-2~ ha s similarly 
demonstrated chondrogenic activity. 

The procedures described above "may be employed to 
isoTater other "bone Inductive factors of interest by utilizing 
the bovine bene inductive factors and/cr human bone inductive 
factors as a probe source. Such other bone inductive factors 
may'find'similar utility in, inter* alia', fracture repair. 

The foregoing descriptions detail presently preferred 
embodiments of the present invention: Numerous modifications 
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MICROORGANISMS 

Optional Snaat In connection with tna mtcrooraantam r«f«rr«d to on paga . . . , lino of tho daacrtotlon » 



A. IDENTIFICATION OF DEPOSIT* 

Further daooaita ara tdantlftad on an Additional «n««i r™!t 



Nam* of daooaiTary Tnatltutlon V ' 



American Type Culture Collection" 



Addraaa of dsoositanr institution (including postal coda ano country) * 



12301 Parklawn Drive 
Rockville, Maryland 20852 USA 



Name of 
Deposit 

LP-H1 
bP50 
bP-21 
U20S-3 

.Lambda U2-OS- 
Lambda BP819 
U20S-39 



ATCC Vo. 



Referred to on 

p-sce/1 ine 



40311 


. . 29/20 


40295 


20/3 


40310 


22/18 


40342 


44/22 


1 40343 


32/33 


40344 


25/23 


40345. 


39/21 



Date of 
Deposit 



March 4, 1987 

December 15, 19j86 

March 4, 1987 

June 16, 1987 

June 16, 1987 

June 16, 1987 

June 16, 1987 



C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * (it tfta indication* ara not tor ait daaiQnaiao Statst) 



O. SEPARATE FURNISHING OF INDICATIONS • (i«a«a oiant it not aooncaoia) 



7>a> indication, ''ttac ss<o«r <**it o« tuonnnad to tna Intarnsnonal Bureau iatar * (Soacify tna ganaral nature ol tne> indications e.g., 
- Accaaaion Numeerol Oaoosit ") - - • ' — ■ . „ 



1^ 



i aooi. cation «nan filao (to Ca enacted Oy tn« receding Office) 



(Autnonied Officer) 
Tna oats ol receiot (from tre sooncant) Cr tr.» International Bureau '* 



(Auinoritad Officer) 



Far-n PCT RO 134 t.an w ar r 1981) 
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— wi^h^a—ONA-sequence-enc^^ 

being in relative association with an expression control 
.JLsequer^ BMP-2 Class I from said 

culture medium. 

12. A process for according to Claim 11 wherein said DNA 
sequence comprises substantially the nucleotide sequence of 
Table VII. 

13. A process for producing BMP-2 Class II comprising 
culturing in a suitable culture medium a cell line transformed 
with a -DNA- sequence ; *eneoding~BMP-2 - Class II /—said DNA sequence 
being , in relative association with an expression control 
sequence therefor, and "iSSTeiting " BMP-2 Class" II from said 
culture medium. 

14. A process according to Claim 13 wherein said DNA 
sequence comprises substantially the nucleotide sequence of 
Table VIII. 

15. , . A process for producing BMP-3 comprising culturing in 
a suitable culture medium a cell line transformed with a DNA 

™se^OTca^-er^ DNA- -sequence • being in- relative 

„asjsjaciation_-with^ and 
isolating BMP-3 from said culture medium. 

16. A process according to Claim 15 wherein said DNA 
sequence comprises substantially the nucleotide sequence of 
Table IVA and IVB. 

"717T7TT A"cDNA" sequence encoding BMP™-i comprising substantially 
the: nucleotide .sequence of ' Table VI or a sequence which 
hybridize thereto under stringent conditions and which upon 
expression codes for a protein exhibiting substantial properties 
of BMP-1. 

18. A cDNA sequence encoding BMP-2 Class I comprising 
substantially the nucleotide sequence of Table VII or a sequence 
which hybridizes thereto, under stringent conditions and which 
upon expression codes for a protein - exhibiting substantial 
properties of BMP-2 Class I. 

19. A cDNA sequence encoding .BMP-2 Class II comprising 
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AMENDED CLAIMS 

[received by the Internationa* Bureau on 8 December 1987 (08.12.87) f\q 4© 

original claims 6. 8, 10, 12, 14, 16-20 amended; | / 

new claims 2 1-23 added; other claims unchanged (13 pages)] 

1. A pharmaceutical composition comprising a protein 
se^cted^from. .the, group, .cpnsi^jting of 

„ lr _.(a).. BMP-l;_ _ . - A _ ' 
... r (b) BMP-2 Class ,I.,v 

(c) BMP-2 Class II; 

(d) BMP- 3; and 

mixtures thereof, in a pharmaceutical^ acceptable vehicle. 

2. A composition of Claim 1 wherein said protein is BMP- 
1. 

3. A composition of Claim 1 wherein said protein is BMP- 
2 _ Class ^1. 

4. A composition o_f Claim V wherein said protein ,is BMP- 
2 Class II. " 

5 V A composition of Claim _1 wherein .said protein., .rs BMP- 

3". V V ' ."' 'V ■ " : ' ' 

6 : r s = ^ J-*V® - P- h ^ W.ac^tisal : composition of Claim. 1. .further 
C ???±-M^? 5. J* at ^- X - - c ?-^ the composition to 

th - e site A °- r r J 30 * 1 ^ cartilage, defect .and providing a 
st 5^v ture f P^..inducing.bpne or cartilage, formation. 



7.., The composition of Claim 6 wherein, said matrix comprises 

a - * a -f r }. al ..? ele . qted from the group consisting of 

hyd.roxya^^ acid and tricalcium 
phosphate • 



8. A method for inducing bone or cartilage formation in a 
patient in need of same comprising administering to said 
patient an effective amount of a composition of Claim 1-7. 
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-sum: 



P1 



.. priars560s\r : ;i^575 ...... :i _590 -,ro- 

GAC. GAG GAC AGC^ TAT ATT JfIG TTC^ ACC^TAT CGA CCT TGC GGG TGC TGC TCC TAG 
i^X^^'S^ Cys Gly Cys Cys Ser Tyr 

605 _ . .,-620 635 650 

GIG GGI OGC OGC~GGC GGG^GGC CCC CAG GCC ATC TCC ATC GGC AAG AAC TGT GAC 
Val Gly Arg Arg Gly Gly Gly Pro Gin Ala He Ser He Gly Lys Asn Cys Asp 

665 680 695 

AAG TTC GGC AIT GIG GTC CAC GAG CIG GGC CAC GTC GTC GGC TTC TGG CAC GAA 
Lys Hie Gly He Val Val His Glu Leu Gly His Val Val Gly Hie Trp His Glu 

710 " 725 740 755 

CAC ACT OGG CCA GAC OGG GAC OGC CAC GIT TCC ATC GIT OCT GAG AAC ATC CAG 

His Thr Arg Pro Asp Arg Asp Arg His Val Ser He Val Arg Glu Asn He Gin 

770 . 785 800 815 

CCA GGG CAG GAG TAT AAC TTC CIG AAG ATG GAG CCT CAG GAG GIG GAG TCC CIG 
Pro. Gly Gin Glu Tyr Asn Hie Leu Lys MET Glu Pro Gin Glu Val Glu Ser Dsu 

830 845 860 

GGG GAG. ACC TAT GAC TTC GAC AGC ATC ATG CAT TAC GCT .OGG AAC ACA TTC TCC 
Gly Glu Thr Tyr Asp Hie Asp Ser He MET His Tyr Ala Arg Asn Thr Hie Ser 

875 890 , 905 920 

AGG GGC ATC. TTC CIG GAT ACC ATT GTC CCC AAG TAT GAG GIG AAC GGG GIG AAA 
Arg Gly lie Hie Leii Asp Thr He Val Pro Lys' Tyr Glu Val Asn Gly Val Lys 

935 950 965 

CCT CCC ATT GGC CAA AGG ACA CGG CIC AGC AAG GGG GAC ATT GCC CAA GCC OGC 
Pro Pro. Tie Gly^Gln:Arg Thr Arg Leu-Ser Lys.. Gly Asp. lie Ala- Gin Ala Arg 

980"'~ ■= : - r 995 * : - 1010 -.- 1025" : " 

AAG-iCITlTAC AAG TGC-.CCAcGCC TGI GGA :GAG .ACC :CIG :iCAA;:GACiAGC ACA, GGC AAC 
Lys. Leu Tyr Lys Cys .Pro Ala cys Gly Glu Thr Leu Gin Asp Ser Thr Gly Asn 

1040 1055 1070 1085 

TTC TCC TCC CCT GAA TAC CCC AAT GGC TAC TCI GCT CAC ATG CAC TGC GIG TGG 
Hie Ser * Ser "Pro* Glu Tyr* Pro Asn Gly Tyr Ser Ala His MET His Cys Val Trp 

. 1100 ,1115 1130 

OGC ATC 'TCT GTC ACA CCC GGG* GAG AAG ATC ATC CIG AAC TTC AOG TCC CIG GAC 
Arg lie Ser Val Thr Pro Gly Glu Lys He He Leu Asn Hie Thr Ser Leu Asp 

1145 1160 1175 1190 

CIG TAC OGC AGC OGC CIG TGC TGG TAC GAC TAT GIG GAG GTC OGA GAT GGC TTC 
Leu Tyr Arg Ser Arg Leu Cys Trp Tyr Asp Tyr Val Glu Val Arg Asp Gly Hie 

1205 1220 1235 

TGG AGG AAG GCG CCC CTC CGA GGC CGC TTC TGC GGG TCC AAA CIC CCT GAG CCT 
Trp Arg Lys Ala Pro Leu Arg Gly Arg Fhe C/s Gly Ser Lys Leu Pro Glu Pro 
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GAG GGC AAT GAT GIG TGC AAG TAC GAC TTC- GIG GAG GIG OGC ACT GGA CIC ACA 
Glu-Qy^AOT^A^-V^ Asp Ehe^Vai Glu-Val Arg Ser Gly : Leu- Thr : 

,,sp '^2015' ~" '~" Z 2030" " - " 2045 

GCT GAG. TCC AAG CIG CAT GGC AAG TTC TOT GCT TCT GAG AAG CCC GAG GTC ATC 
Ala Asp S^ rf L^^If^ : -His--Gly-Lys-Ibe- Cys Gly Ser Glu Lys Pro Glu Val- lie 

2060 2075- 2090 2105 

ACC TCC CAG TAC AAC AAC ATG OGC GIG GAG TTC AAG TCC GAC AAC ACC GIG TCC 

Thr Ser Glu Tyr Asn Asn MET Arg Val Glu Fhe Lys Ser Asp Asn Thr Val Ser 

''2120 ~~ W " '2135 " " 2150 "*2165 

AAA AAG GGC 'TTC AAG GCC CAC TTC TTC TCA GAA AAG AGG CCA GCT CIG CAG CCC 
Lys Lys Gly Ihe Lys Ala His Rie Hie Ser Glu Lys Arg Pro Ala Leu Gin Pro 

2180 2195 2210 

CCT OGG GGA OGC CCC CAC CAG CIC AAA TTC OGA GIG CAG AAA AGA AAC OGG ACC 
Pro Arg Gly Arg Pro His Gln : Leu Lys Etoe. Arg; : Val Gin Lys, Arg. Asn Arg. Thr- 

""2225" "2235 '" '" '2245 '""2255 ' 2265 2275 2285 
CCC CAG TGAGGCCTGC . CAGGCCTCCC GGACCCCITG TTACTCAGGA ACCTCACCTT GGACGGAATC 
Pro^Gln^ ; — - : j — 

2295 2305 ' 2315 2325 2335 2345 2355 

GGATGGGGGC TICGGIGCCC ACCAACCCCC CACCICCACT CTGOCATTCC GGCCCACCTC CCTCTGGCCG 



"2365 ■""* 2375 " "'"2385 2395 "2405 " 2415 ' 2425 

GACAGAACIG GIGCTCTCIT CTCCCCACIG TGCCCGTCOG CGGACCGGGG ACXCTICCCC GIGCCCIACC 

"2435" 2445 "" "~2455 " 2465"' 2475" ""*" 2485 " 2495 

CCCTCCCATT TIGATGGICT ; .CICTGACATT TCCIGITCTG AAGIAAAAGA GGGACCCCIG OCTCCTGCCT 



CEAGA 



11- A process for producing BMP- 2 Class I comprising culturing 
£n~ a^u^^ line ■ transformed with a DNA 

sequence encoding BMP- 2 Class I, said DNA sequence being in 
relative association with an expression control sequence 
therefor.,- and isolating BMP- 2 Class I from said culture medium, 

12. A .process for according to Claim 11 wherein said DMA 
sequence- comprises ■ "substantially the nucleotide sequence as 
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TIA ; Gffl . JSC ^ KC ",Kr .TIC ^QT 'CAC "OGA AIT AAT ATT TAT GAA ATC ATA .'AAA 

Lea Gly : : Asn Asn Ser Ser Hie His .His Arg lie Asn Tie Tyr Glu lie lie Lys 

895 201? 910 ^: . 925 940 

(OCT GCA ACA GCC AAC -TOG AAA -TTC JCOC GIG ACC ACT GET TTC GAC ACC AGG . TTG 
Pro Ala Thr Ala Asn 'Ser Xys Hie Pro Val Thr Ser Leu Leu Asp Thr Arg Leu 

955 970 985 

GIG AAT CAG AAT GCA AGC AGG TGG GAA ACT TIT GAT CTC ACC CCC GOT GIG AIG 
Val Asn Gin Asn Ala Ser Arg Trp Glu Ser Phe Asp Val Thr Pro Ala Val MET 

1000 1015 1030 1045 

OGG TGG ACT GCA CAG GGA CAC GCC AAC CAT GGA TTC GIG GIG GAA GIG GCC CAC 

Arg Trp Thr Ala Gin Gly. His Ala Asn His Gly Hie Val Val Glu Val Ala His 

1060 1075 .... 1090 1105 

TIG GAG GAG AAA - CAA GCT CTC TCC AAG~AGA CAT GIT AGG ATA AGC AGG TCT TTG 
Leu Glu Glu Lys Gin Gly Val Ser . Lys Arg His Val Arg lie Ser Arg Ser Leu 

..:ii20 1135 1150 

CAC CAA GAT .GAA CAC AGC ITGG.TCA, CAG .ATA AGG CCA TTG CIA GTA ACTMUT GGC 
His Gin Asp Glu His Ser Trp Ser Gin lie Arg Pro Leu Lsu Val Thr Hie Gly 

1165..- ... . 1180. ... 1195 . 1210 

:C^.a^ :GGA7AAA r :GGG:CAT--:CCT ::cic CAC AAA7AGA :GAA AAA OCT :CAA GCC AAA. CAC. : 
His Asp Gly Lys Gly His Pro Leu His Lys Arg' Glu Lys Arg Gin Ala Lys His 

— 1225 ' .. 1240 1255 

"AAA^AG^OGG^AAACOKTcrr" aag." tcc agctigtcaag :aga:cac :cct.:tig"^iac::gig -.gac::-.: 
Lys Gin Arg Lys Arg Leu Lys Ser Ser Cys Lys Arg His Pro Lsu Tyr Val Asp 

1270 ^1285 .1300 . - i3is r * 

TTC"AGT--'GAC iJPG^GGG- -TGG -ASF-GAG TGG -ATT. GIG. GOT. CCC .COG QGG -TAT -CACXCC - " 
Hie Ser Asp Val Gly Trp Asn Asp Trp He Val Ala Pro Pro Gly Tyr His Ala , 

1330 1345 1360 1375 

TTT TAC TGC CAC GGA GAA TGC CCT TTT CCT CIG GCT GAT CAT CIG AAC TCC ACT 
Hie Tyr Cys His- Gly Glu Cys Pro Hie Pro Leu Ala Asp His Lsu Asn Ser Thr 

1390 1405 1420 

AAT CAT GCC ATT GIT CAG ACS TTG. .CTC AAC TCT GIT AAC TCT AAG.. AIT CCT AAG 
Asn His .Ala. lie .Val Gin Thr Leu Val Asn Ser Val Asn Ser Lys He Pro Lys 

1435 1450 1465 1480 

GCA TGC TCT CTC COG ACA GAA CTC ACT GCT ATC TCG AIG CIG TAC CTT GAC GAG 
Ala Cys Cys Val Pro Thr Glu Lsu Ser Ala He Ser MET Leu Tyr Leu Asp Glu 
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522 ~: 537 l.. 552 567 

GGG GAG GOG GGA GGA OGC OGC TCA GGG CSS AfiC CAS 1 GAG CT& CIG OGG GAC TTC 

Gly His Ala Gly Gly Arg Arg Ser Gly Gin Ser His Glu Leu Leu Arg Asp Hie 

c yr 582 597 - . " • 612 627 

GAG GOG ACA CTT CTC GAG ATC TIT GGG CSS GXSG 6GG GGC COG GAG OCT AGC AAG 
Glu Ala Thr Leu Leu Gin MET Hie Gly Leu Arg Arg Arg Pro Gin Pro Ser Lys 

642 657 672 

ACT GCC GTC ATT COG GAC TAC ATC OGG GAT CTT TAC OGG Cff CAG T(5f GGG GAG 
Ser Ala Val He Pro Asp Tyr MET Arg Asp Leu Tyr Arg Leu Gin Ser Gly Glu 

687 702 717 732 

GAG GAG GAA "GAG CAG ATC CAC AGC ACT GGT CTT GAG TAT CCT GAG OGC COG GCC 
Glu Glu Glu Glu Gin He His Ser Thr Gly Leu Glu Tyr Pro Glu Arg Pro Ala 

747 762 777 

AGC OSG GGC AAC AOC GIG AGG AGC TTC CAC CAC GAA GAA CAT CIG GAG AAC ATC 
Ser Arg Ala Asn Thr Val Arg Ser Hie His His Glu Glu His Leu Glu Asn He 

792 807 822 837 

CCA GGG ACC AGT. GAA AAC TCT- GCT- TTT' OCT. TTC CTC TTT AAC CTC AGC AGC ATC 

Pro Gly Thr Ser Glu Asn Ser Ala Hie Arg Hie Leu Hie Asn Lsu Ser Ser He 

~ 852 .,. 867 882 897 

CGT GAG AAC GAG. GOG ATC TEC TCT GGA, GAG CIT..CGG CTC TTC OGG. GAG CAG- CTG 
Pro Glu Asn Glu Ala He Ser Ser Ala Glu Lsu "Arg Leu Fhe Arg Glu Gin Val 

912 - 927 . 942 

GAG CAG GGC GGT. GAT TGG' GAA" AE2Z GGC TTC GAC OCT- ATA* AAC 1 ATI: TAT- GAG- GET 
Asp Gin Gly Pro Asp Trp Glu Arg Gly Hie His Arg He Asn lie Tyr Glu Val 

•."' 957 y.. • 972 . 987 ..:.:i002 

ATC. AAG CCC OCA- GCA GAA GIG CTG OCT* GGG CAC CTC ATC ACA OGA CEA CIG: GAC 
MET Lys* Pro Pro Ala Glu Val, Vai- Pro Gly His Leu He Thr. Arg Lsu Leu Asp 

1 . .1017 . . 1032 1047 

AOG AGA CTG GTC CAC CAC AAT GIG ACA OGG TGG GAA ACT TTT GAT GTC AGC CCT 
Thr Arg Leu Val His His Asn Val Thr Arg Trp Glu Thr Hie Asp Val Ser Pro 

1062 1077 1092 1107 

GOG GTC CTT OGC TGG ACC OGG GAG AAG CAG CCA AAC TAT GGG CEA GCC ATT GAG 

Ala Val Leu Arg Trp Thr Arg Glu Lys Gin Pro Asn Tyr Gly Lsu Ala life Glu 

1122 1137 H52 1167 

GIG ACT CAC CTC CAT CAG ACT OGG ACC CAC CAG GGC CAG CAT GTC AGG ATT AGC 
Val Thr His Leu His Gin Thr Arg Thr His Gin Gly Gin His Val Arg lie Ser 



1182 1197 1212 

OGA TOG TEA CCT CAA GGG ACT GGG AAT TGG GCC CAG CTC OGG CCC CTC CIG GTC 
Arg Ser Leu Pro Gin Gly Ser Gly Asn Trp Ala Gin Leu Arg Pro Leu Leu Val 
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...association with an expression control sequence therefor and 

jisoiatingGBMEc3 Xr.om:-:sa-±d "culfcure,smeaium.i ~ x-: 3.-.: 



_ A ^P rocess according - to Claim 15 Wherein said DNA sequence 
:^^* i ?® sr S^?- ta ^ ti ' al * ly ' th'e"" n ucledtide sequence as; follows : 

383 393 403 413 428 

GAGGAGGAAG CGGTCIACGG-GGGTCCITCT GCCTCTGCAG AAC AAT GAG CTT CCT GGG GCA 
. . Asn Asn Glu Leu Pro-Gly Ala 

443 458 473 488 

GAA TAT CAG TAC AAG GAG GAT GAA GTA TGG GAG GAG AGG AAG CCT TAC AAG ACT 
Glu Tyr Gin Tyr Lys Glu Asp Glu Val Trp Glu Glu Arg Lys Pro Tyr Lys Thr 

503 . 518 533 

CTT CAG ACT CAG CCC CCT GAT AAG AGT AAG AAC AAA AAG AAA CAG AGG AAG GGA 
Leu Gin Thr Gin Pro Pro Asp Lys Ser Lys Asn Lys Lys Lys Gin Arg Lys Gly 

548 563 578 593 

CCT CAG CAG AAG AGT CAG ACG CTC CAG TTT GAT GAA CAG ACC CTG AAG AAG GCA 
Pro Gin Gin I#s Ser Glii Thr Leti Glh Fhe Asp Glu Gin Thr Leu Lys Lys Ala 

608 623 638 

AGA AGA AAG CAA TGG ATT GAA CCC CGG AAT TGT GCC AGA CGG TAC CTT AAA GTG 
Arg Arg Lys Gin Trp lie" GUI Pro Arg Asn Cys Ala Arg Arg Tyr Leu Lys Val 

653 668 683 698 

GAC TTC GCA GAT ATT GGC TGG AGC GAA TGG ATT ATT TCC CCC AAG TCC TTC GAT 

Asp Fhe Alar A^? Tie Gly Trp. Ser Glu Trp lie n« Ser Pro Lys Ser Ehe Asp 

713 728 743 756 766 

GCC TAT TAC TGC TCC GGA GCG TGC CAG TTC CCC ATG CCA AAG GTAGCCATIG TITITrGTCC 
Ala Tyr- T^r C^s.Sar.Gly. Ala cys Gin' Hie : Pro MET Pro Lys- ~v. ~:: ; . 

776 786 " 

TGTCCTTCCC ATITCCATAG ; and 



284 294 304 319 

C ^°E r ^7 IC ?F X ™ TCGTTCCTAG TCT TIG AAG CCA TCA AAT CAC GCT ACC 

~-~ p : " .'- : Ser : Leu: Lys,; Pro. Ser. -Asn. His Ala Thr 

334 349 ' • " 364 379 

ATC CAG AGT ATA GTG AGA GCT GTG GGG GTC GTC CCT GGA ATC CCC GAG CCT TGC 

lie Gin Ser He Val Arg Ala Val Gly Val Val Pro Gly He Fro Glu Pro Cys 

m^n 394 409 424 439 

TGT GTG CCA GAA AAG ATG TCC TCA CTC AGC ATC TTA TTC TTT GAT GAA AAC AAG 
Cys Val Pro Glu Lys MET Ser Ser Leu Ser He Leu Fhe Fhe Asp Glu Asn Lys 
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